Author only had two slides In his part of the presentation.

Traveling-Wave Tube Efficiency Enhancement

Traveling-wave tubes (TWT’s) are used to amplify microwave communication
signals on virtually all NASA and commercial spacecraft. Because TWT’s are a
primary power user, increasing their power efficiency is important for reducing
spacecraft weight and cost. NASA Glenn Research Center has played a major role in
increasing TWT efficiency over the last thirty years. In particular, two types of
efficiency optimization algorithms have been developed for coupled-cavity TWT’s.
The first is the phase-adjusted taper which was used to increase the RF power from 420
to 1000 watts and the RF efficiency from 9.6% to 22.6% for a Ka-band (29.5 GHz)
TWT. This was a record efficiency at this frequency level. The second is an
optimization algorithm based on simulated annealing. This improved algorithm is
more general and can be used to optimize efficiency over a frequency bandwidth and to
provide a robust design for very high frequency TWT’s in which dimensional tolerance
variations are significant.
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Phase-Adjusted Taper

Algorithm developed by J. Wilson
to optimize coupled-cavity TWT
efficiency .

Programmed into NASA 2-D
Coupled-Cavity TWT Code.

Adjusted phase of electron bunch
with respect to RF wave:

— Strong bunch formation at
beginning
— Strong power transfer at end

Utilized in experimental Ka-band
ferruleless CC TWT for NASA/
Hughes EDD low distortion
program.

Increased peak RF power from 420
W to 1000 W and RF efficiency from
9.6% to 22.6%.

Record Ka-band RF efficiency
achieved with low gain per cavity
slow-wave circuit.
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This was an experimental  and last tube built in a program to reduce distortion in coupled-cavity TWT’s.  Thus the slow-wave circuit consisted of low-gain ferruleless cavities which are conducive to low distortion (primarily small signal gain ripple).  We were able to achieve record efficiency even though the gain per cavity was low.  Higher power and efficiency could be expected with conventional higher gain ferruled cavities. 

The first figure is from Ref. 1.  The light lines indicate the phase tracks of the electron disks in the model and the dark line is the bunch phase.   The vertical dashed line indicates the position of the beginning of the taper. In the beginning part of the taper, the bunch phase is close to 0 degrees, with almost all the disk phases between -90 and +90 degrees which enables strong bunching.  The bunch phase gradually progresses towards +90 degrees where strong deceleration and power transfer takes place.
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Simulated Annealing Tapers

An improved and more generalized
approach to taper design using
simulated annealing was developed
by J. Wilson.

Concept based on metal annealing.

Simulated annealing escapes from
local optima and enables global
optimum solution to be obtained.

Versions developed for optimizing
the minimum efficiency over a
specified bandwidth:

— SAT1 optimizes instantaneous BW at
single input power value

— SAT2 allows input power to provide
saturation at each frequency

A robust version developed to take
into account dimensional tolerance
variations — especially useful at high
frequencies.
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-Simulated annealing is based on the concept of metal annealing in which a metal is heated to just below its melting point and then slowly cooled.  This causes the the randomly arranged atoms to arrange into the structured lattice of the ground state in which the energy of the system is minimized.

-Simulated annealing has the advantage over most optimization algorithms in that it allows the computation to escape from a local optimum and proceed towards the global or absolute optimum.

-In the first figure, SAT1 is the version in which the input power is constant across the bandwidth and equal to the value that saturates at the center frequency.  SAT2 is the version in which we allow the input power to vary at each frequency.  (SAT1 is probably more useful.)

-In the second figure,  we assume that the lengths of the individual periods vary according to a prescribed pseudo-Gaussian distribution.  We then do a Monte Carlo simulation in which we do 200 runs each with a different randomized distribution of the cavity period lengths.  Then the results are ordered according to efficiency.
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